Radioactive iodine (RAI) ablation for treatment of hyperthyroidism in Pediatric Graves' disease is effective but limited literature exists regarding its long-term safety. There is no long-term prospective randomized controlled study on long-term safety of pediatric Graves' disease receiving RAI ablation. There are concerns regarding development of both thyroid and non-thyroidal malignancy, and primary hyperparathyroidism in subjects receiving RAI. Current evidences donot support routine use of RAI ablation in such situation. Surgery is a safe option.
Graves' disease (GD) is the most common cause of thyrotoxicosis in children and adolescents. 1 GD has profound impact on physical development, learning, school performance and quality of life in children. 1 Ideal treatment should be effective, safe, with minimal immediate and longterm adverse effects and without the need for long-term surveillance.
The options for treatment of GD in children and adolescents are antithyroid drugs (ATDs), radioactive iodine (RAI) therapy and surgery (total thyroidectomy). The ideal therapy remains controversial and varies in different countries. 1, 2 ATDs are often used as first line therapy in pediatric GD. ATDs are effective, but are associated with low remission rates, drug toxicity and compliance issues. The chance of long-term remission after ATDs as first line therapy in children and adolescents is only 20 to 30%. 2, 3 Hence, most of the children with GD will need definitive treatment with either RAI ablation or surgery. The choice of definitive treatment is based on consideration of the longterm adverse effects of RAI vs complications of thyroid surgery.
RAI ablation is presently the treatment of choice in adults with GD in some countries like United States of America (USA) as it is an effective, definitive and safe treatment. RAI ablation is effective in the ablative management of GD in children. 4 However, there are safety concerns regarding the use of RAI in young children and adolescents. Traditionally, RAI has been avoided in children and adolescents because of the inherent risk of radioactivity in inducing mutagenesis, gonadal exposure and teratogenicity.
131 I is the most commonly used radioiodine isotope used for the definitive treatment of GD. RAI concentrates in the thyroid follicular cells and undergoes gradual radioactive decay with effective half-life in the thyroid of approximately 8 days. Up to 94% of total radiation dose from RAI is due to particulate radiation and is responsible for the biologic effects of RAI. 5 There is risk of thyroid malignancy with the use of RAI. There is scant data of therapeutic use of RAI in children and hence the majority of information has been derived from radiation exposure of children to external radiation, accidental nuclear fallouts and from adult data on RAI use.
The thyroid gland is one of the most sensitive organs to the carcinogenic effects of radiation, especially during childhood. Younger children are more sensitive to radiation. In a pooled analysis of 7 studies, the risk of developing thyroid carcinoma after external irradiation below 5 years of age was 2 fold higher than in children treated with irradiation between 5 to 9 years of age, and 5 fold higher than in children treated between 10 to 14 years of age. 6 The high susceptibility of young children to the carcinogenic effects of radiation to the thyroid thus contrasts with the very low susceptibility of adults. This is consistent with experimental studies on animals and suggests greater radiation effects during periods of rapid cell proliferation, as observed during the development of the thyroid gland.
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The risk of thyroid cancer is not significant when individuals are over 15 or 20 years of age at exposure.
Follow-up data from the Chernobyl nuclear power plant accident (exposure to high doses of RAI due to accidental fallout) has shown significantly higher risk (odds ratio 5.5-8.4 at exposure of 1 Gy) of thyroid cancer in children and there is a dose-response relationship with thyroid cancer. 7 The risk is highest in children below 5 years of age. There may be a long latency of up to more than 20 years in the development of thyroid cancer. There is inadequate dosimetry data regarding RAI in therapeutic doses in children, and hence data from Chernobyl accident is vital. In therapeutic doses in adults, RAI dose lesser than 75 μCi/gm of thyroid tissue increases the risk of thyroid cancer, whereas there is no increase in risk when the dose is greater than150 μCi/gm indicating that low doses have more carcinogenic potential. 2 High dose radiation may lead to total ablation of thyroid tissue, leaving no residual thyroid tissue for later development of neoplasia.
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RAI use in adults with thyrotoxicosis has shown conflicting results in various studies on the standardized risk of cancer as shown in Table 1 . [8] [9] [10] [11] [12] The relative risk of cancer of the thyroid and nonthyroidal tissues has been found to be increased following RAI therapy in some studies, but other studies show no increase (Table 1) .
RAI has been widely used in the management of thyroid cancer and a recent meta-analysis has shown slight increased standardized incidence rate of second primary malignancy with increased risk of cancers of GIT, breast, prostate, CNS, soft tissue and leukemia. 13 The factors determining the possibility of second primary malignancy is age (younger age being more susceptible) and total radioactivity used. 13 There are concerns of development of primary hyperparathyroidism (PHPT) in subjects exposed to external radiation and RAI. A higher incidence of PHPT has been documented in subjects with prior external radiation exposure.
14 Prior radioiodine exposure has also been documented to increase the incidence of PHPT, although not confirmed in other studies ( Table 2 ). [14] [15] [16] [17] [18] The development of PHPT is dose related, occurs after a long latency and young and elderly subjects are more likely to be affected. Experimental studies in rats have also shown high incidence of PHPT. 19, 20 It is imperative that subjects exposed to RAI in childhood require life-long surveillance for PHPT. PHPT is usually due to parathyroid adenoma or hyperplasia and the surgery in post RAI setting is difficult due to local cicatrization. Another potential risk of RAI therapy observed in adults with GD is worsening of ophthalmopathy. However, data from RAI therapy in the pediatric age group do not 21 Read et al 22 have shown relative long-term safety of RAI in children with GD. In this retrospective study, 98 children (3.6-19.8 years) were administered RAI in doses ranging from 5.3 to 7 mCi and a questionnaire based assessment was performed after 26 to 36 years by their family physicians. The assessment was done for reproductive history, malignancy (thyroidal and nonthyroidal) and occurrence of primary hyperparathyroidism. This study demonstrated the long-term safety of RAI in children and adolescents. Though this study has been hailed as a strong evidence of safety of RAI, this study had significant limitations in that it was retrospective, observational and questionnaire based and involved only a small number of subjects. The dose of RAI used was only 32 μCi/gm of thyroid tissue as against the current standard practice of 100 to 150 μCi/gm. Furthermore, only 6 subjects were less than 6 years of age and there was no control group. Hence, the true carcinogenic potential in children remains unclear.
Radioiodine is not the Preferred Choice of Treatment for Pediatric Graves' Disease
In a recent cochrane database review on RAI treatment in pediatric GD, paucity of data was observed. There were no randomized controlled trials comparing RAI with surgery and available studies were of low quality. 4 The limited data showed that RAI is potentially effective for pediatric Graves' disease, but at a higher risk for hypothyroidism as compared to ATDs. No studies addressed issues of other long-term adverse effects of RAI.
There are cultural issues and physician preferences involved with the use of RAI in children. The stigma of Nagasaki and Hiroshima is still considered as hallmark of the effect of radioactivity and hence RAI is generally not preferred in Japan. Various surveys of use of RAI use in adults have revealed widespread acceptance of RAI in the management of adult GD. However, in children, none of the physicians in European thyroid association (ETA) and European society of pediatric endocrinologists (ESPE) chose RAI as the first option in a child with GD, while only 23% chose RAI in recurrent thyrotoxicosis after surgery or ATD (Table 3) . 23, 24 Similar trends in physician preferences for avoiding RAI in children are also observed in similar surveys from Asia and Europe, Table 3 . [23] [24] [25] As opposed to physicians in Europe and Asia, physicians in USA more often advocate RAI as a initial and definitive treatment for JAYPEE Sagili Vijaya Bhaskar Reddy, Sushil Kumar Gupta GD in children. 2 However, even physicians in the USA still avoid RAI in children < 5 years of age with GD due to the high susceptibility of the developing thyroid for development of malignancy. 2 There are advantages of surgery as definitive treatment for GD in children: Currently, thyroid surgery in pediatric GD is safe and effective, when performed by an experienced surgeon. In an experience of 78 such surgeries at the Mayo Clinic, 65% subjects were subjected to near-total thyroidectomy and rest to subtotal thyroidectomy. 26 The incidence of permanent recurrent laryngeal nerve palsy and permanent hypoparathyrodism was nil. Though the incidence of ophthalmopathy in pediatric GD is low, there was improvement in eye signs in up to 85% of cases. Similar rates of efficacy and safety are observed in other cases series of thyroid surgery for GD treatment. [27] [28] [29] Hence, total thyroidectomy is a safe option, if performed by an experienced surgeon with low risk of complications and proven long-term efficacy and safety without any risk of thyroid malignancy.
CONCLUSION
RAI therapy is effective as definitive treatment of GD in children and adolescents. But, there is paucity of data on long-term safety of RAI therapy in children. The main concern is possible carcinogenesis of the thyroid from RAI, as children less than 5 to 10 years of age with a developing thyroid are more prone for carcinogenesis from radiation exposure. In the absence of conclusive data on long-term safety of RAI in children and adolescents, RAI ablation should not be the preferred choice of treatment in pediatric GD. 
